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cAMP signal transduction by D1-like
receptors. Beggs and Mercer [9]
suggest that an agonist-induced
reduction in cAMP could perhaps lead
to a change in the way these receptors
function, decreasing the sensitivity
of the neural circuits that mediate
aversive olfactory learning. A third
intriguing possibility exists. In
vertebrates, D2-like receptors are often
synthesis-reducing autoreceptors
located on the neurons themselves
which curtail both dopamine release
and synthesis [10]. It is possible that
AmDOP3 functions as an autoreceptor
that, when activated by HVA,
downscales dopaminergic signalling in
the bee brain. This, too, would affect
not only aversive learning but also
other physiological functions mediated
by dopamine.
Why does the queen resort to
doping her young retinue bees? All
regents risk eventually being
overthrown — perhaps the queen is
protecting herself from the learned
aggression of her worker progeny. In
spite of the apparent altruism, all is
not eusocial sweetness and light:
a reproductive conflict exists in honey
bee colonies. Because queens mate
with multiple drones, all the workers in
a colony are, on average, less related
than haplo-diploid sisters sharing the
same paternity. While functionally
‘sterile’, workers can develop ovaries
and lay haploid eggs that become
drones [11].
The fact that workers can lay their
own haploid eggs sets up a potential
battle for reproductive dominance:
renegades with functioning ovaries
can infiltrate the colony and attempt
to usurp the queen by sneakily laying
their own eggs.
Learning to recognize usurpers and
their eggs allows the members of
a honey bee colony to prevent
reproductive anarchy [12]. In small
colonies of eusocial insects, the queen
herself attacks renegade workers, but
in a large eusocial colony such as
a honey bee hive, the queen cannot
perform her egg-laying duties and
efficiently police her workers [13].
Instead, workers with non-functioning
ovaries attack usurpers if they detect
the mock QMP emitted by renegades
[14,15] and thwart them by destroying
their eggs [16]. Attacking reproductive
renegades would be evolutionarily
costly if the workers were to mistake
the queen’s chemical signal for that
of an interloper and attack her instead.
It is tempting to speculate that HVA
is the queen’s chemical means of
preventing accidental regicide
while simultaneously allowing for
rigorous policing of reproductive
usurpers by her loyal subjects.
An important facet of this story is that
HVA only modulates the behaviour and
dopamine levels in the brains of honey
bees that are less than 6 days old [8].
The queen depends entirely on her
young retinue to feed her [17]. These
are the bees closest to her in proximity
and are the most likely to mistakenly
injure her. If reducing dopamine levels,
changing receptor expression, and
activating AmDOP3 reduces
aggression, stinging, and aversive
learning in young bees, this would
translate into an increase in both the
queen’s and the colony’s fitness.
Furthermore, using HVA to selectively
affect the young bees hidden in the
safety of the hive allows the defensive
behaviour of older foragers and guards
to remain intact, such that policing of
renegade workers may continue and
the colony can be defended from
intruders.
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The formation of the dorso-ventral body pattern of Drosophila involves the
restricted activation of a serine protease cascade in the extracellular space
between the egg shell and the embryo. Now, the first molecular links have
been identified between ventral gene expression during oogenesis and the
activation of the protease cascade in the early embryo.Trudi Schu¨pbach
Communication between cells often
involves the interaction of secretedmolecules with the extracellular
environment before they reach the
target cell. Such interactions may serve
to slow down the diffusion of the
Dispatch
R549signals, affect conformation of the
signaling molecule, or serve to store
information for longer time periods.
An extreme case of a delayed release
of information has been described in
the dorso-ventral patterning system
of the early Drosophila melanogaster
embryo. The ultimate dorso-ventral
determinant, the Dorsal protein, forms
a ventral to dorsal nuclear gradient in
response to the activity of the receptor
Toll that is deployed on the egg
membrane. The ligand for Toll is
produced by an extracellular serine
protease cascade that becomes active
only on the ventral side of the egg [1,2].
The ventral restriction of this protease
cascade reflects prior patterning
events that occur already during
oogenesis. Initially, in mid-oogenesis,
the dorsal side of the future egg and
embryo are determined by the
asymmetric positioning of the oocyte
nucleus. This asymmetry is signaled
to the overlying follicle cells through
the activitiy of the secreted growth
factor-like molecule Gurken which
activates the Epidermal Growth Factor
Receptor (EGFR) in the follicle cells.
EGFR activity patterns the dorsal
follicle cells. In addition, it also serves
to orient the future dorso-ventral axis
of the embryo by restricting the
activity of the protease cascade to
the ventral side of the egg. How this
spatially controlled activation of the
cascade is achieved has been a long
standing question in the field. The
article by Zhang and colleagues [3] in
this issue of Current Biology is finally
providing some molecular insights
into this process.
Ever since mosaic analysis
demonstrated that pattern information
had to be relayed from the follicle
cells to the embryo, the attention
focused on maternal mutants that
affect the embryonic dorso-ventral
pattern, but whose activity was
required in the follicle cells [4]. The
original work by Stein and colleagues
[5,6] demonstrated that the gene pipe
plays an important role in the process
but two other contenders, nudel and
windbeutel, were also possible
candidates for encoding a signal that
might activate the protease cascade
on the ventral side. After the molecular
identification and further
characterization of these three prime
candidates, it appeared, however,
that none of the three genes encoded
a ventrally secreted signal. nudel was
shown to encode another proteaseDorsal
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Figure 1. Dorso-ventral pattern formation in Drosophila mediated by the activity of Pipe.
(A) Schematic cross-section through an egg chamber at stage 9 of oogenesis. The oocyte
nucleus (OON) is positioned in an asymmetric dorsal position. It promotes the localization of
the gurken mRNA to the dorsal side, which results in a gradient of secreted Gurken protein
(red) and a graded activation of the EGF receptor in the adjacent follicle cells (pink). In follicle
cells with EGFR activity below a certain threshold, pipe is expressed, resulting in a ventral
domain of Pipe activity (blue). (B) Schematic cross-section through early embryo before cellu-
larization. The inner layer of the egg shell, the vitelline membrane, contains proteins that have
been sulfonated through the activity of Pipe during oogenesis (blue circles). This modification
results in the restricted activity of the serine protease cascade in the perivitellar space, which
activates the receptor Toll on the ventral side of the embryo and promotes the graded nuclear
localization of the transcriptional activator Dorsal in ventral and ventro-lateral nuclei (green).with dual function [7,8] and pipe was
found to encode sulfotransferase that
resides in the Golgi [9]. Windbeutel in
turn was demonstrated to be an ER
resident protein that promotes the
localization of Pipe from the ER to the
Golgi [10,11]. Nevertheless, pipe
remained of central interest, because
it was shown to be expressed only
on the ventral side of the follicle
epithelium, due to repressive activity
by EGFR in dorsal follicle cells [9].
Given that pipe encodes a protein
modifying enzyme, it seemed plausible
that the crucial activator of the
protease cascade might be a secreted
protein that is modified by Pipe in the
Golgi into an active form that is then
secreted into the extracellular
environment. Extensive mutagenesis
screens did not, however, identify
a candidate gene encoding this
proposed factor.
In this issue of Current Biology,
Zhang and colleagues [3] report the
results of a proteomic approach
involving radioactive sulfate labeling
and mass spectrometric analysis in
order to define Pipe targets. They
initially identify one major target, the
Vitelline Membrane Like (Vml) protein
that is a component of the inner layer
of the egg shell. The term ‘vitelline
membrane’ is, in fact, somewhat ofa misnomer, because the term
describes an extracellular secreted
proteinaceous layer of the egg shell
that is not at all structured like a cellular
membrane, but is more comparable
to a highly specialized extracellular
matrix. As predicted for a spatially
restricted protease activator, the
authors show that labeled Vml protein
remains localized within the egg shell
close to the domain of its expression
by the follicle cells. However, mutations
in Vml are not sufficient to cause a loss
of dorso-ventral patterning, which
argues against Vml acting as the sole
protease activator. In more refined
proteomic approaches, the authors
then identify several additional
vitelline-membrane proteins that are
also modified in response to Pipe
activity. In a sensitized background, the
authors show that loss of wild-type
copies of these genes can significantly
enhance a dorsalized phenotype, and
moreover, the heterozygous loss of
several of these components acts
synergistically with the loss of Vml.
Therefore, the long sought activator
appears not to be the product of
a single gene, but a collection of
proteins that are the targets of Pipe
sulfonation and that are stably inserted
into the vitelline membrane (Figure 1).
This may also explain why previous
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R550extensive genetic screens did not yield
a Pipe target.
Protease cascades represent
a powerful mechanism to orchestrate
a rapid, amplified activation
mechanism as, for instance, needed
for effective blood clotting [12]. At the
same time, such cascades need to be
spatially restricted. While some of the
spatial control is provided by both
negative feedback as well as negative
regulators such as serpins, the
initiation of such protease cascades
also needs to be highly regulated.
At the present time, we still do not
exactly know how the sulfonation of
the vitelline-membrane components
initiates and restricts the dorso-ventral
serine protease cascade in the early
embryo. However, Zhang and
colleagues [3] discuss some defined
scenarios how this can be envisaged.
One straightforward possibility is that
the sulfonated carbon side chains
of the target proteins could act as
co-factors for one of the proteases,
or they might anchor some of the
proteases to the vitelline membrane
in an active form. Such possibilities can
now be tested and will certainly provide
insight into the general mechanism of
the regulation of protease activities in
extracellular environments.
Dorso-ventral pattern formation in
Drosophila is intriguing because in
the course of its establishment, steps
involving discrete and long term
stable information alternate with the
generation of three molecularly distinct
gradients of pattern information: The
long-term stable location of the oocyte
nucleus provides the cue for the
gradient of Gurken leading to a gradient
of EGFR activity. This gradient is
transformed into a sharp on-off
expression domain of Pipe whichCell Division: Right
Studies in fission and budding yeast ha
analyzing pathways of cell division. Tw
yeast species, are opening the gates to
mitosis — silencing the spindle checkp
Brian G. Fuller*
and P. Todd Stukenberg
During mitosis, the spindle assembly
checkpoint (SAC) restrains the onsetresults in the localized production
of long-term, stable sulfonated
vitelline-membrane components. After
fertilization of the egg, this discrete
information gives rise to a new
patterning gradient that has hallmarks
of self-organization [13–15] and leads
to the production of the active form of
Spa¨tzle, the ligand for Toll [1,2]. Finally,
Toll activity leads to the nuclear
gradient of the transcriptional regulator
Dorsal which then promotes an
exquisite pattern of dorso-ventral gene
expression in the early embryo [16].
Information storage over time is likely
to be an issue for many organisms that
can undergo periods of induced
developmental arrest, e.g. at low
temperatures. The Drosophila solution
of inserting pattern information in the
egg shell, a very stable proteinaceous
structure, allows the information to be
stored for extended time periods,
which is necessary given that females
will often retain their eggs in the ovary
for a long time, until they find a suitable
medium for egg laying. Whether
a similar solution involving anchoring of
stably modified factors in extracellular
matrix is used in other organisms will
be interesting to see in the future.
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DOI: 10.1016/j.cub.2009.05.053on chromosomes that serve not only
as attachment points for spindle
microtubules but also as signaling
platforms for the transmission of the
SAC signal. The SAC is silenced by two
independent events that redundantly
ensure all chromosomes are properly
attached to the mitotic spindle before
the irreversible loss of cohesion that
triggers anaphase. Under most
circumstances, the SAC remains active
until all kinetochores are fully occupied
by microtubules (occupancy) and
